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ABSTRACT 


Oceanic frontal activity in the western Alboran Sea of 
the Mediterranean Sea was investigated to evaluate spatial 
and temporal variability. Subsurface features were compared 
with DMSP sensed sea surface temperature to estimate the 
feasibility of determining frontal location from DMSP 
photography. Low frequency sound propagation across the 
imGeence was modeled to evaluate the effect of the frontal 


Byotem OW propagation loss. 
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I. INTRODUCTION 


A. OVERVIEW 

Anti-submarine warfare (ASW) patrol aircrews operating 
in the western Alboran basin of the Mediterranean Sea have 
frequently noted that the acoustic environment is highly 
Variable and difficult to predict. They have commented that 
Meomstic predictions often seem to poorly represent the en- 
countered propagation and contribute little toward mission 
Mmeammaneg. these practical considerations and the continued 
mipertance of the Gibraltar Strait and its approaches to the 
foesoixth Fleet suggest that there is a need for detailed 
M@eestigation Of the nature of acoustic propagation in the 


western Alboran Sea. 


B. BACKGROUND AND GENERAL OCEANOGRAPHY 

iaediuy ana Aucust 1962 a comprehensive oceanographic 
study of the Alboran Sea was conducted by French scientists 
ma reported by Lanoix (1974). He described the basin 
iMimegiducly east Of Gibraltar, Shown in Figure 1, as a narrow 
channel in which Atlantic Ocean water with salinity of approx- 
Mimeely oo. 5/4 and temperatures between 15°C and 24°C flows 
ew aird in ene Upper 1G0)m. “~The Atlantic water overlies 
Westward moving Mediterranean water located at depths greater 
than 300 m and identified by temperatures between 12.7°C and 
15°C with salinity near 38.4%... Between these two regimes, 


MOM InoleEmlOoCm to s00 mM depth, is a transition layer 
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characterized by a steep salinity gradient of about 2%, in 
moGem. Ihe investigation established that in the Alboran Sea 
meemetecance temperature changes occur over short vertical and 
Merazontal distances. As illustrated by Figure 2, tempera- 
Mies along the track shown in Figure 1 at a depth of 100 m 
vary as much as 5°C over distances of approximately 50 km. 
This horizontal temperature variation produces sound speed 
changes of as much as 25 meters/sec, thereby causing signif- 
Meane reiLraction of the acoustic wave front and consequent 
acoustic intensity modification. 

The salinity structure reported by the Lanoix study is 
illustrated in Figure 3, which shows a salinity section along 
4° -15'W longitude. The horizontal salinity gradients evident 
in Figure 3 at 100 m depth produce a variation in sound speed 
of less than 2.5 m/sec over 50 km. Since the temperature 
section in Figure 2 shows temperature gradients equating to 
approximately 25 m/sec over similar ranges, horizontal salinity 
gradients do not significantly alter acoustic propagation. 

Circulation Patterns Change sound propagation principally 
MPaemoeditying the Spatial distributions of temperature, salinity, 
em@epended Scattering material and biological activity. Although 
milcmsecpardrce Measurement Of these parameters provides an esti- 
mate of their individual effect on acoustic propagation, the 
Alboran Sea surface currents shown in Figure 4 are most useful 
@oeam aid in evalueting the boundaries where significant 


Ghanges in sound transmission occur. 
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Figures 2, 3 and 4 together clearly illustrate the 
predominate oceanographic and acoustic feature of the western 
Alboran Sea: a circulation pattern of shallow Atlantic water 
meer ing the Mediterranean Sea and forming an anti-cyclonic 
gyre centered at about 35°-50'N, 4°-10'W over the western 
Pwiperan basin, and extending to 200 m depth with a strong 
m_~eecental temperature gradient, or front, around its periph- 
ey 

wecaneocrdapilec iImvestigations of the Alboran Sea conducted 
Mecer the 1962 French study confirmed the thermal features 
Hanoix described. Surface and subsurface temperature obser- 
ieeens Obtained in July, September, October and November 19/76 
and reported by Mommsen (1976) agree with the oceanographic 
Structure shown by Lanoix. Mommsen found that thermal gradi- 
ents of about 5°C in 50 km (30 nm) were present to depths of 
Mmeeme and that these gradients represented the edges of the 
PeercetTm Alboran gyre. Cheney (1977, p. 2) made use of April- 
May 1976 aircraft dropped bathythermographs (AXBT) to describe 
acoustic frontal zones in the western Mediterranean. He sug- 
Zeca that am acoustic front be defined as "... a coherent, 
meeeeunizadble boundary separating different acoustic regimes 
as characterized by SLD [Sonic Layer Depth, the depth of the 
first sound speed maximum below the surface] and SCD [Sound 
maanne! Depth, the depth of minimum sound speed]." Further, 
Pemeeccuibedmenauscither SCD or slLD, or both, change by more 
mien s0 mM within 25-35 km. The study reported by Cheney 


mioweds that im the Alboran Sea significant SLD and SCD changes 


Ls 





momoccur Over horizontal distances short enough to qualify 
as acoustic fronts. In the western Alboran basin, frontal 
zones were found to coincide with the northern edge of the 
mmmtecyclonic gyre. Cheney also found that the western 
Alboran Sea could be divided into two distinct acoustic 
regimes, separated by the acoustic front. North of the 
acoustic front conditions were defined by a relatively shal- 
low SLD and SCD at about 40 m and 140 m, respectively. To 
the south, where warm Atlantic surface water is trapped in 
the gyre, the SLD 1s approximately 160 m and SCD near 220 m. 

The bathymetry of the western Alboran basin is shown in 
Figure 1. The shape of the basin is dominated by the shallow 
Gibraltar Strait sill in the west, and the Alboran Island 
Pise in the east. {ft is important to note that the generally 
bathtub-like appearance is altered by shallower depths to the 
north and a steeper upslope on the south. The Lanoix study 
indicated that these bathymetric features and geostrophic 
flow play a large role in producing a geographically stable 
gyre. The study also demonstrated that the gyre induces a 
converging Ekman transport with a subsidence of warm Atlantic 
surface water at its center and a compensating upwelling of 
colder Mediterranean water at the gyre edges, especially to 
feme morth. 

imemupveismnie Or cooler Mediterranean water along the 
Bceecsmor the western Alboran gyre can create sea surface 
temperature (SST) gradients which are detectable by satellite 


infrared (IR) photography. This imagery may then be used to 
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iene ene Circulation pattern, and of particular acoustic 
Peematicance, the location of subsurface thermal gradients. 
Peeent COMparisons of Defense Meteorological Satellite Pro- 
gram (DMSP) photography of the Alboran SST and concurrent 
Moumebhine Of the vertical thermal structure have demonstrated 
that remotely sensed surface temperature gradients can reflect 
the location of the sub-surface features of the western 
Alboran front (Cheney, 1977; Mommsen, 1976; Stephenson, 1977). 
Eubanks, Gallagar and Browning (1977) have noted that this 
Meeeeement between Sol and subsurface features is especially 
Seeement in summer when relatively little mixing of the upper 
Mepets Occurs. It is léss observable in winter when colder 
Siirace Water and a deeper mixed layer obscure upwelling at 
mer Cyre perimeter. 

mewewWinter Oceanographic studies of the western Alboran 
Meemare reported in the literature. However, analysis of 
January 1977 bathythermograph (BT) and AXBT data by the 
meeronal Oceanographic Office (1977) shows SCD gradients which 
Seerespond in intensity and location to the acoustic front 
mince in summer at the gyre's northern edge. These subsurface 
memperature Observations support Lanoix's suggestion that the 
macceis a permanent OCeanographic feature of the western 


Piporan Sea. 


Meee SCOUSTIC EFFECTS 
iMUum@=cemenyedtomenceecttec: Of am OCeanic thermal front on 
Zoe unece propagation has been an aréa of intense investigation 


(Eubanks et al., 1977; Gemmil and Khedouri, 1974; Khedouri and 


by 





@eporski, 1977; Levenson and Doblar, 1975; Schully-Powers et 
mee, 1975; Vastano and Owens, 1973). These investigations 
have established that thermal gradients of the strength found 
itjeene western Alboran Sea cause significant changes in 
Peeustic propagation. Modifications in convergence zone 
Spacing, focusing, and limiting depths have been observed. 
Changes in the depth and intensity of sound trapped in surface 
Sees and deep sound channels have also been noted (Levenson 
pram NOblar, 1975; Schully-Powers et al., 1975). 

MimtemeeOUuSel@ ctrects Of an OCeanic front in the western 
Alboran Sea is of special significance to ASW operations in 
mime ewestern Mediterranean Sea. Current U.S. Navy acoustic 
predictions assume a homogeneous Waeeuumlass, COnStant bortom 
depth, and uniform bottom loss (Director of Naval Oceanography 
and Meteorology, 1976). These assumptions are appropriate for 
most areas of the open ocean where relatively homogeneous con- 
feerons prevail over acoustic ranges of interest. However, 
Such assumptions in the distinctly non-homogeneous western 
Alboran basin will certainly limit the accuracy of acoustic 


mieeadictions. 


eee OBJECTIVES 

Poem pose Of this Ehesis to provide a good estimate 
femeene geographical variability of the western Alboran acoustic 
Hront. the position of the front is determined for both winter 
and summer for several years. Comparisons are made between 
DMSP SST photography and the oceanographic features of the 
Alboran Sea to assess the possibility of determining frontal 


position from remotely sensed SST imagery. 


12 





Peclstte —“aytrdcing techniques are employed to provide 
an indication of sound transmission paths and propagation 
losses within the northern and southern acoustic regimes and 


Meross the acoustic front. 
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ee en | Maer DATA 


foo 6=SOURCES 

Bathythermograph and Nansen cast data for the area 3°W to 
5°W and 35°N to 37°N were obtained for several years between 
1948 and 1973 from the Fleet Numerical Weather Central (FNWC) 
Peearoclimatological Data Retrieval Program (Lewitt et al., 
W977). Additional data for the years 1973-1977 were obtained 
mom the XBT and AXBT files of FNWC, the August-September 
Mees cruise of the USNS KANE, and unpublished January 1977 
data from the Naval Oceanographic Office. 

Defense Meteorological Satellite Program (DMSP) infrared 
Mma@eocraphs of the Alboran Sea were obtained from Fleet 
Weather Central (FWC), Rota, Spain. The photographs provided 
fea suUriace temperature gradients and showed good coverage 
of the western Alboran Sea in winter, summer and transition 


months. 


bee METHODOLOGY 

Mediterranean Sea oceanographic seasons can be divided 
mmo twO GiStinct periods, summer and winter, in which phys1i- 
mabe Water properties are quasi-stationary. The oceanographic 
Seasons between, Spring and fall, are characterized by gradual 
maemsttLroms im water properties (Coitborn, 1975; Russell, 1975). 
Comparisons drawn between winter and summer conditions thus 
Clearly illustrate the limits of seasonal variability and were 


used to indicate the effect of seasonal changes on frontal 
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location, acoustic propagation, and sea surface temperature. 
mmewst and September were selected as the months providing 
most typical summer conditions and January-March as the 
period typifying winter. The oceanographic and acoustic 
@aaeacteristics of each season will be discussed in the 
Mexte sections. 

Temperature, salinity and density gradients are commonly 
used to define oceanic fronts. Although the acoustic effect 
of these parameters, when considered singly, is readily under- 
Stood, their collective effects are less easily evaluated. 
sound speed profiles were used to eliminate much of this 
Seeeeicuity and permit almost direct visualization of the 
impact of spatially changing oceanographic parameters on 
sound transmission. 

The Integrated Carrier ASW Prediction System (ICAPS) was 
used to calculate sound speed profiles from the BT data. 

TCAPS was also used to extrapolate profiles to maximum water 
meme using Climatological salinity and deep temperature 
values. The sound speed profiles were then used to plot maps 
of sonic layer depth and sound channel axis depth. The plots 
Mmemeninterpreted using the acoustic front definition suggested 
Mpaeneney, 1.@€., at least 50 m change in SCD or SLD, or both, 
@eger a 25-35 km distance. 

itegempesiticon Of Ene front in winter and summer was con- 
meagetcd £64 €ach year for which sufficient data were available. 
Mapping the front in this manner provided an indication of the 


woreda leand temporal variability of frontal position and strength. 
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DMSP infrared photographs of sea surface temperature were 
then compared with appropriate frontal positions. This com- 
parison was used to develop an estimate of the feasibility 
of locating the frontal zone from remotely sensed data in 
afl seasons. 

Sound transmission in the Alboran Sea was modeled for 
three omni-directional acoustic sources at 100 m depth, 


assumed positioned as follows: 


Posteron. 1 =- 56 -07'N .3°-28'W 
p@smttome2 == 56° -05"°N 4° =] 2°W 
Pos@etom 5 == 560 -O02'N 4°=44'W 


These positions are shown on each of the maps of SLD and SCD 
memricures 5-15. 

sound propagation paths were oriented approximately north, 
south and west from Position 1, north and south from Position 
meena North, south and east from Position 3. Sound speeds 
along each propagation path were taken from a vear with data 
@Gensity sufficient to clearly show typical frontal features. 
The FNWC JCRAYB raytracing program (FNWC, 1977) was used to 
beeevice a Visual estimate of acoustic propagation along each 
path and transmission loss was calculated using the RP-70 ray 
Meemotic program. Frequencies of 50, 300 and 1800 Hz were 
oeeass bathymetry was digitized at 200 m depth intervals and 
bottom loss values were estimated from the bottom composition 
using five bottom loss categories. Shallow areas were assigned 
a high bottom loss value of 4 while areas of the Alboran basin 
deeper than 500 m were assumed to have a moderate bottom loss 


wealue of 3. 





Sound speed sections were drawn along each propagation 
path and combined with plots of sonic layer and sound channel 
@oeem. This format makes signiticant changes in SLD and SCD 
readily apparent and provides direct spatial comparison between 
gradients in SLD or SCD and sound propagation changes. The 
plots of sound isotachs allow rapid estimation of sound channel 
and layer strength, dimensions, and focusing ability, as well 
as depict oceanographic features associated with the Alboran 


@emeculation. 
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A. FRONTAL VARIABILITY 

iie approximate location of the western Alboran Sea 
meeisetic tront in summer for various years is shown in 
mmemres 5 through 9. Each figure is a map of sound channel 
depth for the year indicated. Shown in cross-hatch are the 
memes in Which the SCD changes by at least 50 min 25-35 km 
merel9 nm). Sonic layer depth for these years is not shown, 
femecc In Summer the Alboran Sea SLD is usually less than 25 m 
mae the small changes found are not acoustically significant. 

Frontal geographic stability is evident in these figures. 
Meeeveen the Strait of Gibraltar and 4°W the front is close to 
and roughly parallels 36°N. In this area channel depth shceals 
from about 200 m south of the 36°N parallel to approximately 
imeem north of 36°N, over a distance of less than 30 nm. From 
Mmeweto 5 W the frontal zone location appears more variable, 
but is generally oriented southeast from 36°N, 4°W. The 
frontal zones shown in Figures 5-9 agree reasonably well with 
mime tOcCation of the northern edge of the anti-cyclonic gyre 
Seem oca my Lanoix and illustrated by Figures 2, 5 and 4. 

Pomdadiinomal acoustie frontal zone appears along the 
Pelenerml opanish Coast in Figures 5 and 6 corresponding to 
igcebathymetrically induced upwelling of deep Mediterranean 
water. Because this acoustic front is located within 10 nm 
of the southern Spanish coast, it is not considered important 


mee AoW Operations. 
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The year-to-year variation in the SCD gradient of the 
Peeporan tront is illustrated by comparing Figures 5 and 6. 
Figure 5 shows an SCD gradient at 4°W of about 1.3 m/km 
(2.4 m/nm) in 1957, while the gradient shown in Figure 6 at 
4°30'W is near 4.0 m/km (7.5 m/nm) for 1962. These gradient 
differences are induced by variations in the horizontal 
@astances over which the sound channel depth changes. It is 
thought that the variability in frontal zone width is caused 
by the changing volume flow rates of Atlantic Ocean water 
em@eering the Strait of Gibraltar and the resulting changes 
imiwacer mass properties. 

The estimated position of the Alboran front in winter is 
mewn in Figures 10 through 15. Figures 10 and 11 are plots 
of sound channel depth and sonic layer depth for January 1948 
p@e@meteures 12 and 13 are plots of SCD for January 1971 and 
Mmeemyenespectively. Layer depth plots for these latter years 
are not shown since the SLD gradients found were too weak to 
@iemOr ACOUSTIC significance. Figures 14 and 15 show SCD and 
Se) eradients for January 1977. 

The winter position of the western Alboran acoustic front 
appears to be somewhat more variable than that in summer. 
fewever, tae general features noted in Summer persist, espe- 
Sealy the division of the basin at about 36°N into two 
meeoustic regimes. To the north is a region where the sound 
eianmel is shaliow with depths of about 100 m, while to the 
Poutmetne SD is generally greater than 200 m. East of 4°W 


the front does not appear to follow the perimeter of the 
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pieeeeyeloni1c Circulation of Atlantic surface water, but 
becomes increasingly variable with the direction of the front 
apparently less influenced by geostrophic flow and bathymetry. 

Miemwineer £rOntal position indicated in Figure 10 is 
Sstimated from the SCD gradients, while Figure 11 shows the 
meee based on SLD changes. Figures 14 and 15 present similar 
data for January 1977. The frontal position derived from the 
Seeemap shown in Figure ll closely coincides with acoustically 
Significant sound channel depth gradients. However, the ab- 
mmec OF Signiticant SLD gradients in January 1971 and 1975 
and the small layer depth changes shown in Figure 15 suggest 
BeeteeoLD may not be a reliable indicator of frontal position. 
fee 15 also shows that layer depth gradients may be hori- 
moet iy Offset from the SCD defined frontal position (Figure 
ieweenOr Significant distances. 

The frontal zone adjacent to the Spanish coast appearing 
in Figure 10 suggests that the upwelling of deep Mediterranean 
water noted in the summer may continue during the winter 
wetson.  iihe proximity of this front to the Spanish coast 
Imenets its ASW significance. 

Mime sthemgth of the SCD gradients shown in Figures 10, 

12, 13 and 14 vary from approximately 5.6 m/km (6.7 m/nm) 
medicare 10 to about 1.5 m/km (2.4 m/nm) found in Figure 
Memeeiitis gradient range is néarly identical with the range 
Peeinental strength found in summer. 

The year-round geographic stability of the western Alboran 


front is of considerable potential usefulness for improving 


cy 





the prediction of sound propagation in the eastern Gibraltar 
approaches. Although frontal position variability increases 
east of 4°W longitude, Figures 5 through 15 support the 
division of the western Alboran basin into north and south 
acoustic regimes. The sound channel and layer depth plots 
also suggest that the frontal position is largely seasonally 
gmeependent, with the northern sector identified by relatively 
Shallow SCD and SLD and the southern area characterized by 
deeper channel and layer depths. 

fo Cte@meusr, sneted, Ghe western Alboran circulation is 
largely responsible for creating both an upwelling-associated 
surface temperature gradient and an almost seasonally inde- 
pendent subsurface front. The observed relationship of these 
oceanographic features makes it reasonable to expect that 
whenever strong SST gradients are present they will coincide 


Wmeeesib-Surtace frontal features. 


bee Te LLETE OBSERVATIONS 

DMSP infrared imagery of the western Alboran in summer 
esesnOwn in Figure 16. This photograph shows a sea surface 
temperature pattern that outlines the anti-cyclonic circulation 
in the western basin. Although Mommsen (1976) and Stephenson 
Cie enotea that clouds or low layers of moist air can be 
misinterpreted as cold water, they demonstrated that remotely 
sensed sea surface temperatures agree well with measured 
temperatures and can be considered equivalent to numerous, 
surface observations. Mommsen and Stephenson showed that 


DMSP sensed summer sea surface temperature gradients reflect 
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the location of subsurface temperature changes; Cheney (1977) 
Mmeomm@anwiciat these gradients correspond to an acoustic front. 
These observations, coupled with the close agreement between 
Miem rent Location depicted in Ficsures 5-9, and the position 
Sees oracients shown im Figure 16, suggest that DMSP IR 
piocoscraphy can be used to locate the summer Alboran POM te 4 

iii Ot Mtawonrmrcnoucly sensed So! to show the Alboran 
meeme 1S ObViously limited by the strength of the surface 
Mmeijereratire gradients. Figure 17 shows the Alboran Sea in 
“amyeiall when temperature gradients appear significantly 
Meemmemmcense. the figure indicates the effect of changing 
wind patterns and lower wind stresses which produce diminished 
meer mass Convergence and divergence. 

fie intensity of surface gradients should pOmea nue to 
ernenish during winter months and make location of the Aliboran 
memiteaitticult. Figures 10-15 provide evidence that in winter 
miemeeoustie tront continues to be located on the northern per- 
imeter of the western Alboran gyre and that frontal strength 
Meeremimouw vary Creatly. Fisure 18 is a picture of sea surface 
temperatures in winter and demonstrates that lack of SST grad- 
mimeomvacctualily eliminates the ability of DMSP photography to 
Meeabte the front. 

Pimmeeemtative IR photography of Alboran sea surface 
mie ratures im spring is Shown im Figure 19. SST gradients 
are again evident, indicating that surface mixing and cooling 
aoe longer sufficient to obscure the temperature changes 


Produced by the upwelling of colder bottom water. 


40 





‘soinjersdw9} 9DeTANS BOS ADTOOD S9eITPUT Butpeys 191YSTT 


"-O/61 LLYi 89S UerOqTyY UslolsScmewoia, 10 yudeisoqyoyd porergzut qSWd “ZT eansty a 
oe, RSS A ae Se oe = : Vd . i é * is ee A 







f 


a Sa 
?. 





Gp, 1, 
tin fEtye 





oe 
EOL LY oe ints 
Ae htt: ay 
"CL VALS YE 
ey Ut Lite, 3 
Hoye Ys Ls eA 
sep, be PLA pPITT, fo 
CY oS Uti Ta: 
% “hy Me Myf, fun: My: eff yy: 


ne oe Bes Resi 
Nt! AEEVR GLACE; 
She le teot lity bse tp. 
UV ML 
wig Yl GAUL ES os EO 





; hy See 3 
Kipppe: GAD. Bs 
Wy pea lft Ye tele eat > 
Oto npn GEG ee 
Ge e & 


ee oo Ee éf 





: 7 e ony o a, o“4 tA “ve x ¢ ag ‘v, x - . -7 fe". 
oe MEE MOLE EE DGIMIOG! Cad oe 
part Shy py pp Off, 4 LEY LIT, ore 
>. fn Reieeml ity, B88 


th? A 


41 





"oinzes1dodusad as9eyains Pos I SO9IRIIPUL BUTpPRYS |197YSTyI 
TOPE N= Poe I91S9M 9 igoq.oud peririjut qSWaO °§T oan3stT- 


m*, Cae 
% a 


yi they De, ay 
PEP, 
4 








“sain ieiad 
: IOCQU9T OD 
ou! : VIPFAINS Ve 
jy 6 Te autads -*“eoc te 9S IOTOOD So VRITpuUT Surpe 
: YB aes | ee ! 
a SS an ydraisoq.oyd po fee 
re | LOLJUL TSW 
" , i . : - ¢€ ry A's 








Rater Omemacciis eVident that DMSP infrared photography 
mameinaicate the location of the Alboran acoustic front for a 
[nee proportion of the year, a result that can be of practical 


Mmipercance to ASW aircrews operating in the Alboran Sea. 


Sree COUSTIC PROPAGATION 

Acoustic propagation conditions in the western Alboran Sea 
were investigated for the summer and winter seasons for sources 
located along a potential submarine transit lane. The source 


Meeetions were as follows: 


POSttlommie eo =O 7° N §-5°28' W 
POs 1 tion 2 ==) so --05'N 4°-12'W 
POSwironoe-- moo -O2'N- 9 4°-44'y 


item sOurce positions are plotted on the SLD and SCD maps in 
meouees 5-15 and identified by encircled position numbers. 

Sound speed profiles were calculated from oceanographic 
observations of the western Aiboran Sea for each season and 
Meomacation path of interest. These data are presented in 
mieures 20a through 32a as sound speed cross-sections with 
meetachs plotted in 5 m/sec increments. 

iMiemGaytrace Gisplays produced by the RP-7Q JCRAYB program 
are shown in Figures 20b through 32b. These diagrams are 
intended to illustrate acoustic transmission paths and are not 
meapmocicetons Of the acoustic ray plots used by the RP-/0 
meooram to COmpute propagation loss. The complexity of the 
complete PL ray plot would obscure important sound path 


imeetires, making it impractical for illustration. 
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Dominant sound transmission Meio aveneubest adem meced in 
the raytrace diagram by altering the size of the source aper- 
Dees transmission directions in which acoustic propagation 
Dsestrongly influenced by bottom and/or surface reflection 
Mememrilustrated by setting the source operation at +89°. 
Meee rtrOns in which acoustic energy propagated primarily 
Without boundary reflection were illustrated by raytrace 
feweeeams With the aperture restricted to +14.5°. Raytrace 
diagram clarity was improved by placing restrictions on the 
number of rays traced. 

Mimesoropagation loss curves generated by the RP-70 program 
were calculated for both source and receiver located at 100 m, 
meme) | aperture coverage (+ 90°}. These curves are pre- 
weomeed aS Figures 20c through 32c. 

1. Summer Propagation 

ijenacoustiG propagation path. Shown in Figure 20 is 
fooenward trom source Position 1. This position is normally 
Meeated north of the front and sound energy projected to the 
Memen 1s entirely within the northern acoustic regime. The 
raytrace diagram in Figure 20b shows the dominant effect of 
the shallow water at this source position. All sound energy 
beyond 4 nm travels via a bottom and/or surface reflected path 
into the sound channel. The result is a non-uniform energy 
distribution in the sound channel and high attenuation outside 
the channel. 

iiteewaonpatec:aon loss levels shown in Figure 20c illus- 


Meate the strong influence of bottom losses. The increasing 
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mmeiicar tne Source reflects the energy losses resulting from 
imeciple bottom reflections while the energy peaks at 6.5 nm 
and 9.5 nm correspond to single bottom reflections reinforced 
ieeoound Channel tocusing. The extreme changes in propagation 
loss at 10-11 nm and 18-19 nm can be attributed to the 
periodicity of both sound channel focusing and bottom reflec- 
[meme thus, it should be expected that sound transmission 
tiesummer northward from Position 1 will be dominated by 
bathymetry. 

Acoustic energy propagating southward from Position l 
Mmemsnown by Figure 21. Although in summer this transmission 
Mmeenewould be expected to cross the Alboran front, inspection 
Meee Sound Speed cross-section of Figure Z2la shows that the 
/M@erease in sound channel depth is too gradual to qualify as 
meeront. tthe raytrace and PL diagrams in this figure show 
mat DrOpagation southward from Position 1 is also affected 
by the shallow water. Yet, unlike northward propagation from 
mise pOSLtLON, most energy enters the sound channel without 
Semeriencing bottom reflection, producing a more uniform dis- 
tribution of energy in the sound channel. The gradual deepen- 
mreeor the SCD) shown in Figure 2la produces a reduction of 
energy at the 100 m depth hydrophone and increases propagation 
Meecewith peaks occurring where refracted energy reinforces 
reflected sound. 

Figure 22 shows sound propagation northward from 
Position 2 in summer. Here a front is located immediately 
mMemth of the source where a rapidly decreasing SCD 1s apparent. 


Weicememdeptin at Position 2 is sufficient to permit formation of 
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emeenvergence zone; however, the acoustic front tends to 
meamee the focusing of CZ energy near the surface and the 
dominant propagation feature is bottom reflection and trun- 
Beeeon Of the CZ limiting ray by the upsloping bottom. It 
1s also important to note that the changes in sound speed 
with depth, shown in Figure 22a, are not intense enough to 
trap low frequency acoustic energy near the sound speed axis. 

Figure 25 represents summer acoustic conditions and 
transmission southward from Position 2 within the western 
Alboran gyre. The sound speed cross-section in Figure 23a 
Shows that the SCD is almost constant at greater than 200 m. 
Meweet depth is sufficient to permit CZ formation and, as 
fieeaerOr transmission northward from Position 2, the sound 
Channel is too weakly focused to trap sound near the sound 
Speed maximum. Thus, the propagation loss diagram of Figure 
23c shows energy gains at the CZ annuli followed by rapidly 
increasing propagation loss. 

Figure 24 illustrates sound transmission in summer 
northward from Position 3. Figure 24a indicates that a 
meet icant front is located north of the source position 
Ee@e@mproeduces both a shoaling of SLD and a rise in SCD from 
meoem to 100 m in less than 20 nm. Although water depth is 
feeeicient for GZ propagation, the rapid shoaling in SCD tends 
Memciotupt CZ formation by decreasing the focusing of CZ energy 
Meampethe surface and refracting sound into the deep channel. 
Soeune transmission northward through this front also decreases 


the PL by moving the focus of energy trapped in the sound 
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Channel closer to the hydrophone. This decrease in propaga- 
tion loss is seen beyond 10 nm range in Figure 24c. Energy 
gains at about 8 nm and 10 nm range apparent in Figure 24c 
Pomeespond to reinforcement from CZ and bottom or surface 
GHembected sound. The periodicity of sound channel and CZ 
focusing combined with bottom absorption of acoustic energy 
produce a dramatic change in propagation loss level at 16-17 
nm. 

Propagation to the south from Position 3 is not shown 
memee it 1S entirely within the southern acoustic regime and 
an almost constant SLD and SCD make the water mass acousti- 
cally homogeneous. In this area, sound is transmitted via 
convergence zone and sound channel paths without frontally 
induced changes. 

sound transmission westward from a source located at 
Position 1 is illustrated by Figure 25. The shallow water at 
this position makes bottom reflected energy dominant within 
the first 5 nm. At longer distances the rapidly increasing 
depth allows energy to enter the sound channel without bottom 
reflection. This refracted energy is focused by the sound 
ememnel at about 9 nm intervals resulting in the periodic 
decreases in PL apparent in Figure 2Z5c. 

The sound speed cross-section in Figure 25a shows a 
deepening of the SCD near Gibraltar at about 42 nm range, 
from 130 m to 220 m over 25 nm. The raytrace and propagation 
loss diagrams show the effect of this frontal zone. Sound 


pileney im the channel is carried to greater depths, thus 


74 





decreasing the acoustic energy available at the 100 m receiver 
depth and increasing propagation loss. [In addition, Figure 
25c shows that transmission across an acoustic front tends to 
disrupt CZ propagation and decrease the focusing of sound 
energy. 

Figure 26a shows that east of the No. 3 source posi- 
tion the summer sound transmission path immediately crosses 
mmeecoustic front. The sound speed cross-section depicts a 
deepening in SCD from 100 m at 2 nm range to 200 m at 12 nm 
mamee. this frontal zone corresponds to that shown in Figure 
25a at 42 nm range. The strength of this frontal zone close 
MemGipbraltar may be attributed to the narrow, concentrated 
inflow of Atlantic surface water at the Strait. 

The sound propagation path of Figure 26 is parallel 
femmores Opposite in direction to that shown in Figure 25. It 
mee noted in the discussion of Figure 25 that sound traveling 
westward originates in water too shallow for CZ formation and 
is reflected or refracted into the sound channel which, near 
Gibraltar, carries acoustic energy below the receiver depth. 
In contrast, the acoustic energy shown propagating eastward 
meom Gibraltar in Figure 26 originates in Water Gepels sur 
mrerent for CZ formation and is trapped in a sound channel 
with an axis which gradually rises to near hydrophone depth. 
Figure 26c shows a large increase in PL from 17- 23 nm. This 
Emerey loss at the hydrophone is a result of a sound channel 
located well below receiver depth, the uneven distribution of 
energy in the sound channel, the absence of CZ energy near the 


iat aece. ana bottom reflection losses. 
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ft 1s important that ASW aircrews fully appreciate 
mBeemenanges in transmission loss curves resulting from the 
Meiereciprocity Of propagation paths through the Alboran 
mone in Summer. For energy traveling eastward from Gibraltar 
Mitemenontal system can virtually eliminate CZ focusing after 
Miemrirst COnvergence zone. At greater distances from 
Sm@oealtar the shoaling of the SCD to near hydrophone depth 
Somemaintain acoustic energy levels at almost constant values. 
Miles etfects can be seen in Figure 26. 

FOr sound propagating from the area northwest of 
aeoran 1sland toward Gibraltar the energy caustics in the 
sound channel can produce CZ-like reinforcements of propaga- 
tion loss, but with the distance between peaks altered as the 
momma energy transits the frontal zone. In addition, Figure 
25 shows that this westward propagating sound is focused at 
Mees imcréasingly below receiver depth producing a rapid 
imienease in PL over relatively short distances. 

eee winter Propagation 

ivwpacalswinter acoustic conditions for transmission 
Maens NOrthward and southward from source Position 1 are illus- 
[eeeed by Figures 27 and 28. These figures show that in winter, 
ieee the summer conditions illustrated in Figures 20 and 22, 
propagation from the shallow water at Pcsition 1 to deep water 
iemstrongly influenced by bottom reflected paths. In summer a 
meses part of the projected energy entered the sound channel 
fuaebortom retlected paths, while in winter a significantly 


miemeased proportion of sound is refracted directly into the 
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Channel without bottom loss. This seasonal change in propa- 
Meeeron pattern is largely responsible for the lower trans- 
fMereton 1Osse€s seen in Figures 27c and 28c. 

Figure 27a shows an acoustic front located about 5 nm 
Woeeen Of Position 1. As in summer, the presence of the front 
has little impact on propagation from this shallow area. A 
meemiy tocused sound channel traps 300 Hz and 1800 Hz sound 
at the axis, maintaining almost constant PL levels. 50 Hz 
energy is not as efficiently trapped and shows the influence 
Of CZ formation. Figure 27 also illustrates the effect of the 
Shallow, weak surface duct typically found in winter over the 
memeenerm acoustic regime. The figure shows that sound is not 
Mmmepea ear the surface, but 1s refracted into the deep sound 
emanne | . 

Pine zc TiIUNStrates propagation in winter, south of 
Mmimenacoustic front. The figure shows that the sonic layer 
ieeeieias increased to about 150 m, trapping 300 Hz and 1800 
Hz sound in a deep surface duct and improving propagation loss 
from summer levels. This winter improvement in PL for a 100 m 
jmeeeiver 1S illustrated by comparing Figures Zlc and z28c. It 
should be noted that, as in summer, 50 Hz sound is refracted 
ieemecie generally deeper sound channel in the southern 
acoustic regime, resulting in a peaking of PL in regions of 
ray convergence and a relatively constant but lower 30 Hz 
propagation loss level. The rapid decrease in sound energy 
between 10 nm and 12 nm in Figure 28c is produced by the 


peryvodicity Of surface duct and sound channel propagation. 
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Pimcc@—eaAcOUStTIC Condyervons south of Position 2 are 
meme semted in Figure 29. Sound transmission northward 
Emaemen the homogeneous northern regime is not shown. A 
Pmeomiemaypears in the sound speed cross-section of Figure 29a 
immediately south of the source location and, as in summer, 
marks a change from shallower to deeper SLD and SCD. The 
peeernot these changes can be seen in Figure 29b as the for- 
teem Of a Surface duct at 12 nm and a depth increase for 
Somme cransmitted near the sound channel axis. The formation 
Sumeene Surface duct tends to increase the energy available to 
im@@eeydrophone while the deeper SCD reduces the sound presented 
Mmeemesreceiver. the large decrease in the sound energy level 
eeemein Figsure 29b between 17 nm and 2] nm can be attributed 
to the increasing bottom depth and consequent change in the 
Memaodteity of bottom reflected energy. 

Poe oO ShOWS winter acoustic conditions northward 
jmeomesOurce Position 3. The front position shown in Figure 30a 
Mmeeyust north of the source location. This frontal location 
Pmmitiar to the summer position pictured in Figure 24a. 
Pemecource Position 3 water depth is sufficient to allow CZ 
memimatton but, as moted in the discussion of Figure 24, the 
@eemease in SLD disrupts CZ focusing and reduces peak energy 
levels. As in Figure 24, the winter propagation shown in 
Figure 30 produces energy gains associated with bottom reflec- 
iC Lo pale 

Sound propagation westward from Position 1 in winter 


/m—oown in Figure 32. In this figure, SLD and SCD shoaling 
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evident in the sound speed cross-section indicate that a 
Wuemars Located at about 12 mn from the source. Aithough 

the shallow water at the source position tends to restrict 

CZ formation, sufficient energy is transmitted in this mode 
mamproguce peaks in the PL diagram. The acoustic front alters 
MieweZ annulus radius from 12.5 nm to 10.5 nm but does not 
greatly decrease focusing. In addition, Figure 3la shows 
meeeevest of this front SLD and SCD approach the same depth, 


meocmcing almost constant PL levels. 


i@emarseussion Of Figures 25 and 26 pointed out that 
memepropagation through the Alboran front from a region of 
deep SCD to an acoustic regime where the SCD decreases to near 
hydrophone depth propagation loss is decreased or held almost 
@emstant. Figure 3lec illustrates this effect on PL for winter, 
femevetl as depicting a ftront-induced change in CZ radius from 
meen tO 10 nm. 

Winter sound propagation to the east from Position 3 
Memeretired in Figure 32. This path is the reciprocal of 
Westward propagation from Position 1, shown in Figure 31. In 
these two figures an acoustic front crossing appears near 
Pweoeran island rather than close to Gibraltar, as in the 
eee r Conditions illustrated in Figures 25 and 26. However, 
Jike Figures 25 and 26, Figures 31 and 32 show changes in PL 
mewel resulting from non-reciprocity along propagation paths 
momouch the front. 

The increase in SLD and SCD near Alboran Island 


memearine in the sound speed cross-section of Figure 5Za 
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indicates that for almost all of the transmission path, sound 
is traveling within the nearly homogeneous northern regime. 
Paeure 32b and 32c show that after an initial reinforcement 
of sound channel and CZ energy by bottom reflection, the PL 
Pemains relatively constant and the influence on transmission 
loss of the upsloping bottom is more pronounced than changes 


meee putced to water mass Variations. 


Pear PLICATION TO ASW 

The preceding discussions of low frequency sound trans- 
mission in the western Alboran Sea of the Mediterranean make 
Glear the importance of defining the location of the Alboran 
meomt and the horizontal changes it produces in the acoustic 
environment. Although the descriptions of acoustic propagation 
were divided into winter and summer seasons, the comparisons 
drawn suggest that strong, seasonally independent similarities 
memot (Or propagation within the northern and southern acoustic 
meeimes. Further, the discussions of sound traveling from one 
acoustic region to another indicate that non-reciprocity pro- 
duces changes in propagation loss levels as significant as 
those attributed to seasonal variations. 

It therefore seems reasonable to expect that coupling an 
Mmcerstanding of the acoustic effects of the Alboran front 
with the nearly year-round ability of DMSP infrared photography 
memclentet trontal location can be directly applicable to ASW 


Smemations in the eastern approaches to Gibraltar. 
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IV. CONCLUSIONS 


ihe western Alboran acoustic front appears to be geograph- 
ically stable, seasonally independent and, for all but the 
winter season, coincident with sea surface temperature grad- 
Poieoewhiieh are detectable by DMSP infrared photography. 

Mie front divides the western Alboran basin into northern 
Mmecomenern acoustic regimes. The northern regime is cChar- 
meeemayzed throughout the year by sonic layer depths (SLD) of 
Messethan 50 m and sound channel axis depths (SCD) of about 
mame im the Southern region the SLD is near 150 m in winter 
aaeLess than 50 m in summer while the SCD is greater than 
mevem in all seasons. 

Sound energy crossing the front from the northern to the 
memenern acoustic region will generally be refracted downward 
into the sound channel below a 100 m hydropnone. Sound energy 
Meavyveling from the southern to the northern acoustic regime 
fees be Carried upward toward the 100 m receiver. 

The mon-reciprocity of acoustic transmission across the 
meome should improve propagation loss levels fcr a 100 m 
mermoaver located north of the front, while the converse is 
meme cor hydrophones placed south of the front, as well as 


altering sound propagation path periodicity and focusing. 
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